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Extracellular vesicles fro m non-pathogenic amoebae useful as vehicle for 
transferring a molecule of interest to an eukarvotic cell 

The invention relates to membrane vesicles from non-pathogenic 
5 amoeba, in particular from Dictyostelium discoideum (Dd), containing a 
molecule of interest, to a method of preparing such vesicles and to the uses of 
said vesicles as a vehicle for transferring the molecule of interest to an 
eukaryotic cell. 

Different cell processes common to multicellular organisms have 

10 been recently shown as dependent of active targeted vesicular traffic, and 
therefore related to cell membrane dynamics and composition. The synaptic 
vesicles from the central nervous system, the vesicles called "exosomes" in the 
immune system, as well as virion budding from infected cells, are all examples 
of transmission of information pathways from one cell to another. Exosomes 

15 have been shown to originate from late endosomes or multi vesicular bodies 
(MVB) (Kobayashi et al., 1998). The exosome fusion with cells of the immune 
system induces stimulation of these cells (Kobayashi et al., 2002). The protein 
composition of these exosomes appears dependent on the cell, with some 
common components like tetraspan CD63 and CD82, which play an important 

20 role in the targeting of exosomes. 

The inventors previously showed that cells of Dictyostelium 
discoideum (Dd), an eukaryotic microorganism, when grown in presence of the 
(A-T) specific DNA stain Hoechst 33342 (H0342), efficiently expel fluorescent 
material Into their culture medium. Indeed, living Dd cells which are highly 

25 resistant against xenobiotics, do not evidence vitally stained nuclei, but when 
these Dd cells are fixed in methanol 70%, their nuclei appear highly 
fluorescent, due to the permeabilisation of the nuclear membrane and further 
staining of the nuclei by the remaining cell-associated H0342 (Tatischeff et al., 
1998). Electron microscopy and lipid analysis demonstrated the vesicular 

30 nature of the externalised fluorescent material and the presence of H0342 
associated with these vesicles was confirmed by fluorescence spectroscopy. It 
was also shown that living Dd cells release vesicles into their external medium, 
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both during growth and during starvation (Tatischeff et al. f 1998 ; Tatischeff et 
al.,2001). 

The inventors postulated that externalised Dd vesicles may 
participate in intercellular communication between Dd cells. To gain insight in 

5 Dd vesicles function, vesicles were prepared either from the growth medium of 
Dd cells grown in presence of H0342, or from the starvation medium of the 
same cells starved during 22 h in buffer without H0342. H0342, a bls- 
benzimidazole positively charged hydrophobic molecule that is an (A-T) 
specific DNA stain, exhibits fluorescence characteristics which are dependent 

10 on its environment and association state. These characteristics have been 
used to follow the state of H0342 inside Dd vesicles. The inventors have 
demonstrated the capacity of the dye-containing vesicles to mediate the 
transfer of the fluorescent dye to nuclei of naive living Dd cells, and more 
importantly to efficiently target the dye to the nuclei of human cells, either 

15 multidrug sensitive or resistant. Interestingly, the transfer efficiency of H0342 
to the cells by Dd vesicles was found to be improved compared with liposomes 
containing the dye. These results identify Dd vesicles as mediators of 
intercellular communication. 

Since other amoebae have been shown to shed extracellular 

20 vesicles, these results further indicate that non-pathogenic amoeba vesicles 
are useful as a new vehicle for the transport of a molecule of interest, in 
particular a therapeutic molecule, to eukaryotic cells, such as mammalian cells. 
Thus the vesicles according to the invention may find applications in 
vaccination, gene therapy, or any other therapeutic or prophylactic treatment 

25 where the transfer of a molecule of interest to a eukaryotic cell may be 
required. 

Definitions 

As used herein, the term "non-pathogenic amoeba" denotes a 
30 protozoan belonging to the amoeba class, which is not pathogenic for a living 
eukaryotic cell or a living organism. Examples of non-pathogenic amoeba 
include for instance Dictyostelium amoebae, such as Dictyostelium 
discoideum, or amoebae from the genus Acanthamoeba, such as 
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Acanthamoeba royreba, or from the genus Entamoeba, such as Entamoeba 
histolytica. Preferably the non-pathogenic amoeba according to the invention is 
Dictyostelium discoideum. 

"Dictyostelium discoideum", also called "D. discoideum" or "Dd", is a 
5 non-pathogenic soil-living protozoan that grows as separate, independent cells. 
Upon exposure to adverse conditions, for instance starvation, D. discoideum 
amoebae interact by chemotaxis, through cAMP release and relay, to form 
multicellular structures, and aggregate to form a mound that is surrounded by 
an extracellular matrix. D. discoideum cells comprise or display many features 

10 characteristic of higher eukaryotic cells, e.g. cytokinesis, motility, phagocytosis, 
chemotaxis, signal transduction, as well as processes of developmental 
biology, such as cell sorting, pattern formation, and cell-type determination. In 
growing conditions, the amoeba remains as an undifferentiated cell and 
multiplies by mitosis. Further severe starvation, D. discoideum cells aggregate 

15 into multicellular mounds and differentiate into two main cell types. 

As used herein, the term "non-pathogenic amoeba vesicles" is 
meant for extracellular vesicles that are shed from non-pathogenic amoeba 
cells. In particular, "D. discoideum vesicles" denotes extracellular round- 
shaped vesicles, as may be observed by electron microscopy, that are 

20 released by living Dd cells into their external medium, during growth , or 
starvation. The size of these vesicles is generally less than 500 nm; it 
preferably ranges from about 50 nm to about 500 nm, still preferably between 
100 and 300 nm. Said vesicles are composed of a lipid bilayer containing a 
cytosolic fraction. D. discoideum vesicles lipid bilayer contains usual 

25 phospholipids (phosphatidylcholine (PC), phosphatidic . acid (PA), 
phosphatldylethanolamine (PE), phosphatidylinositol (PI), phosphatidylserine 
(PS), phosphatidylglycerol (PG), diphosphatidylglycerol (DPG)), sphingomyelin 
(Sph), as well as the lysophospholipid lyso bis phosphatidic acid (LBPA). 

The term "molecule of interest' is meant for any molecule, such as a 

30 therapeutic molecule, or a label molecule, for which the transfer to a eukaryotic 
cell may be desired. Additionally, said molecule of interest may be an imaging 
agent useful in medical diagnosis, such as a magnetic resonance imaging 
contrast agent, an ultrasound imaging agent, or a nuclear imaging agent. 
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Preferably the molecule of Interest Is exogenous to the non-pathogenic 
amoeba. The term "exogenous" as used herein is synonymous of 
"heterologous", i.e. it refers to a molecule that is not naturally found in the non- 
pathogenic amoeba vesicles, or to a molecule that is not expressed by growing 

5 non-pathogenic amoeba cells. Said molecule may be a peptide, polypeptide, 
protein, nucleic acid (DNA or RNA oligonucleotides or polynucleotides), lipid, or 
more generally any chemical, biological, or synthetic molecule. Preferably, 
depending on the object of the invention, said molecule of Interest is not 
Hoechst 33342 (also called H0342). The molecule of interest may be carried 

10 on or within the vesicles of the invention. 

In the context of the invention, "therapeutic molecule" refers to any 
active molecule capable of reversing, alleviating, inhibiting the progress of, or 
preventing a pathologic disorder or condition, or a symptom of said disorder or 
condition. Examples of therapeutic molecules may include a small therapeutic 

15 protein/peptide (interleukins, growth factors, chemokines), an hormone, a 
protein such as an enzyme or a receptor, a nucleic acid such as a DNA or RNA 
encoding a pharmacological peptide or protein as well as an antisense nucleic 
acid, ribozyme, or « small interfering RNAs" (siRNAs) that blocks translation of 
a specific mRNA. Therapeutic molecules more generally include any biological, 

20 chemical, or synthetic molecule known to achieve a therapeutic effect in vitro 
and/or in vivo, such as chemotherapeutic agents for the treatment of cancers, 
infections, etc... 

The term "transfer as used herein, refers to the introduction of the 
molecule of interest into cells. 

25 As used herein the term "eukaryotic ceir denotes a cell which has a 

chromosome-containing nucleus surrounded by its proper membrane, which 
isolates the nucleus from the cytoplasm. This term applies to a cell from any 
(eukaryotic) unicellular microorganism, fungi, as well as to plants, animals and 
humans. Preferably said eukaryotic cell is heterologous to the non-pathogenic 

30 amoeba, in particular said cell is a mammalian cell, e.g. a human, mouse, 
sheep, or monkey cell. Still preferably, said mammalian cell, in particular 
human cell, is, naturally or induced, multidrug resistant. 
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"Pharmaceutically" or "pharmaceutically acceptable" refer to 
molecular entities and compositions that do not produce an adverse, allergic or 
other untoward reaction when administered to an animal, or a human, as 
appropriate. 

5 As used herein, "pharmaceutically acceptable carrier"' includes any 

and all solvents, dispersion media, coatings, antibacterial and antifungal 
agents, isotonic and absorption delaying agents and the like. The use of such 
media and agents for pharmaceutical active substances is well known in the 
art. Except insofar as any conventional media or agent is incompatible with the 

10 active ingredient, its use in the therapeutic compositions is contemplated. 
Supplementary active ingredients can also be incorporated into the 
compositions. 

Non-pathogenic amoeba vesicles preparation 
15 The invention provides a method for preparing vesicular vehicles 

useful for transferring one or more molecules of interest to an eukaryotic cell, 
which vehicles is a non-pathogenic amoeba vesicle, preferably Dictyostelium 
discoideum vesicle, containing said molecules of interest. 

The invention thus relates to a method for preparing a non- 
20 pathogenic amoeba vesicle containing a molecule of interest, which method 
comprises the steps consisting of: 

a) culturing a non-pathogenic amoeba cell in a culture medium 
comprising said molecule of interest, under conditions sufficient to allow the 
non-pathogenic amoeba cell to release vesicles; 
25 b) recovering a vesicle released by said cell, which vesicle 

contains said molecule of interest. 

Preferably said molecule of interest is exogenous to the non- 
pathogenic amoeba. Also preferably said molecule of interest is not Hoechst 
33342. 

30 According to a first embodiment, the extracellular vesicles are 

directly recovered from a culture medium in which non-pathogenic amoeba 
cells were grown in the presence of the molecule of interest. Said vesicles may 
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be recovered for instance after reaching late (or end of) exponential growth 
phase. 

According to a second embodiment, non-pathogenic amoeba cells 
may be cultured and grown, for instance up to late (or end of) exponential 
growth phase, In a first culture medium appropriate to sustain cell growth and 
in the presence of the molecule of interest. Non-pathogenic amoeba cells may 
then be transferred in a second culture medium, optionally in the presence of 
the molecule of interest, under conditions sufficient for the non-pathogenic 
amoeba cells to release extracellular vesicles. In particular, said second culture 
medium may be totally deprived of the nutrients required to sustain cell growth 
("starvation medium"). The non-pathogenic amoeba vesicles are then 
recovered from said second "starvation" culture medium. 

Suitable conditions for culturing non-pathogenic amoebae are 
known to the one of ordinary skill in the art. 

Advantageously, the non-pathogenic amoeba according to the 
invention is Dictyostelium discoideum. D. discoideum vesicles are naturally 
released from D. discoideum cells with no need to expose said cells to a stress 
stimulus, such as a chemical stress or a thermal stress, for instance. 
Furthermore it is acknowledged in the art that D. discoideum cells are 
particularly easy to grow. The amoebae grow on bacterial lawns or in liquid 
cultures of semi-defined or completely defined media with doubling times of 3 
to 12 hours. Over 10 10 D. discoideum cells can be grown in a few days without 
sophisticated equipment. Above this amount of cells, growth in bioreactors is 
required and has already been experimented (Poppenborg et al. (1997)). 
Appropriate culture conditions thus may be readily defined by the one skilled in 
the art. Such conditions may comprise for instance growing cells in suspension 
in a culture medium, for instance HL5 semi-defined medium, containing a 
suitable carbon source, such as yeast extract, as described by Sussman 
(1987) or Watts and Ashworth (1970). The culturing of D. discoideum cells is 
more thoroughly detailed in the following examples. The culture period may be 
variable, for instance ranging from 24 to 96 hours, preferably from 48 to 72 
hours. Duration of the culture may be readily adjusted by the one skilled in the 



7 



art depending on the number of cells Inoculated in the culture medium and on 
the amount of vesicles to be collected. 

The Invention advantageously makes use of the high resistance to 
xenoblotics displayed by D. discoideum cells. Actually D. discoideum cells 

5 exposed to a molecule of interest, in particular an exogenous molecule, have 
the capacity to uptake said molecule and to expel it into the culture medium via 
the vesicles released into the extracellular space. D. discoideum vesicles can 
encapsulate large quantities of interest molecules, such as therapeutic 
molecules, either within their aqueous interiors or dissolved into the 

1 0 hydrocarbon regions of their lipid bilayers. 

The molecule of interest may be added to the cultured cells, 
preferably when initiating growth or during exponential growing phase. The 
concentration of the molecule of interest in the culture medium may be 
adjusted by the one skilled in the art so that said molecule does not exhibit 

15 toxicity towards the non-pathogenic amoeba cells. The one skilled in the art 
may readily determine suitable concentrations by routine experiment, for 
instance by comparing the growth rate or proliferation of non-pathogenic 
amoeba cells cultured in the presence or not of the molecule of interest. 
Importantly, the inventors found that the concentration of the molecule of 

20 interest in the lumen of the vesicles is correlated with the concentration of the 
molecule of interest in the culture medium. The method of the invention thus 
makes it possible to modulate the concentration of the molecule of interest 
encapsulated within the vesicles by adjusting the concentration of said 
molecule in the culture medium. 

25 The non-pathogenic amoeba vesicles are separated from non- 

pathogenic amoeba cells, isolated from the culture medium, and optionally 
concentrated. To that end, the cultured cells may be removed by centrifugation 
(for instance at 700g for 5 minutes) and the resulting supernatant may then be 
cleared by another centrifugation step (for instance 2,000g for 10 minutes). 

30 The vesicle may be pelleted by 12,000g and 105,000g ultracentrifugation. 
However, the recovery of the extracellular vesicles should not be limited to this 
embodiment and it will be understood that any appropriate means enabling to 
isolate the vesicles is within the scope of the invention. Mention may be made 
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for instance of ultrafiltration, nanofiltration, biomagnetic separation and 
chromatography, such as size exclusion chromatography, affinity 
chromatography, etc... 

The vesicles so obtained may be stored for several weeks at 4°C. 
They are very stable and can resist several freezing/thawing cycles in liquid 
nitrogen. 

Non-pathogenic amoeba cells and vesicles 

The invention further relates to a non-pathogenic amoeba cell, in 
particular a D. discoideum cell, which has been cultured in the presence of a 
molecule of interest and to the extracellular vesicles obtainable by a method as 
described above. 

More specifically, the vesicle according to the invention is a vesicle 
from a non-pathogenic amoeba that contains a molecule of interest, with the 
proviso that said vesicle is not a D. discoideum vesicle containing Hoechst 
33342. Preferably said vesicle is a vesicle from D. discoideum. Also preferably, 
said molecule of interest is exogenous to the non-pathogenic amoeba. 

The inventors demonstrated that D. discoideum vesicles efficiently 
transferred H0342 to multidrug resistant human cells. Since H0342 is a known 
substrate of Pgp, a protein involved in cell multidrug resistance, this finding 
supports that D. discoideum vesicles, and more generally non-pathogenic 
amoeba vesicles, constitute a vehicle useful for the delivery of therapeutic 
molecules to cells, in particular those that display multidrug resistance. 

Thus, preferably said molecule of interest may be a therapeutic 
molecule, such as an antitumoral agent. Antitumoral agents may be 
chemotherapeutic drugs that initiate cytotoxicity through interactions with a 
variety of molecular targets. Chemotherapeutic drugs Include for instance 
topoisomerase inhibitors, alkylating agents that form adducts with the 
nucleophilic centers of DNA and proteins, platinum compounds, pyrimidine and 
purine antimetabolites, or microtubule targeting drugs. Most cancer drugs 
induce cell death, at least partially, via downstream events leading to 
programmed cell death or apoptosis. Furthermore said antitumoral agent may 
be a cytokine, capable of enhancing the immune response elicited by a tumor 
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antigen and thus stimulate the host's defence against a tumor. Said molecule 
may also be a small Mr compound, such as an antitumoral drug or the 
Differentiation Inducing Factor (DIF) from D. discoideum that is structurally 
related to the antitumoral drug differanlsole A. 
5 De novo and acquired cross-resistance to multiple antitumoral 

agents can result from several alternative factors and processes. However, 
multidrug resistance (MDR) patterns are frequently associated with decreased 
drug accumulation, usually due to increased drug efflux, principally mediated 
by ABC transporters like the P-glycoprotein (MDR1, P-170) or the more 

10 recently identified multidrug resistance protein (MRP, P-180) family members. 
Another multidrug resistance-related protein, the lung resistance protein (LRP), 
was identified as a "vault" protein by comparison with protein sequence of 
Dictyostelium (Izquierdo et al., 1996). Hereafter, these proteins and encoding 
genes are altogether called "MDR" proteins and genes, respectively. 

15 Accordingly, a therapeutic molecule according to the invention may further be a 
molecule silencing a MDR protein expression or by-passing the MDR protein. 
As already mentioned this approach may for instance utilize antisense nucleic 
acids or ribozymes that block translation of a specific mRNA, either by masking 
this mRNA with an antisense nucleic acid or cleaving it with a ribozyme. For a 

20 general discussion of antisense technology, see, e.g., Antisense DNA and 
RNA, (Cold Spring Harbor Laboratory, D. Melton, ed., 1988). Reversible short 
inhibition of MDR gene transcription may also be useful. Such inhibition can be 
achieved by use of siRNAs. RNA interference (RNAi) technology prevents the 
expression of genes by using small RNA molecules such as « small interfering 

25 RNAs" (siRNAs). This technology in turn takes advantage of the fact that RNAi 
Is a natural biological mechanism for silencing genes in most cells of many 
living organisms, from plants to insects to mammals (Sharp, 2001). RNAi 
would prevent a gene from producing a functional protein by ensuring that the 
molecule intermediate, the messenger RNA copy of the gene is destroyed. 

30 siRNAs could be used in a naked form and incorporated in a vesicle according 
to the invention. 

However, other therapeutic molecules are contemplated and the 
invention should not be limited to the field of cancer therapy. Among the 
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potential therapeutic molecules, mention may be made of molecules useful for 
the treatment of an infection, in particular a bacterial, viral or parasitic infection. 
These molecules may be an antigenic peptide, an antibody, an antibiotic, an 
anti-viral agent such as interferon, an anti-protease agent, etc... For instance, 
where the vesicle according to the invention is to be used for vaccination 
purposes, the molecule of interest may be advantageously an antigenic 
peptide associated with an adjuvant such as a lipopolysaccharide (LPS), 
Freund's adjuvant, or any other adjuvant known in the art. Furthermore, the 
vesicles of the invention may be used to vehicle Immunoglobulins A (IgA) to 
intestinal epithelial cells so as to achieve mucosal vaccination. 

Additionally, the MDR silencing strategy disclosed above may 
further find application in the context of mucoviscidose treatment. Actually the 
efficacy of the chemotherapeutic treatment of mucoviscidose, which is 
intended for the treatment and prevention of bacterial infection of the 
obstructed bronchi, may be jeopardize by the onset of drug resistance upon 
drug administration. Therefore, non-pathogenic amoeba vesicles containing 
means (antisense, siRNA, etc..) for silencing the expression of the 
transporter(s) responsible for drug resistance or chemical compounds able to 
bypass the drug resistance proteins could prove useful for enhancing 
mucoviscidose treatment efficacy. 

Non-pathogenic amoeba vesicles as delivery vehicles and uses thereof 

The above non-pathogenic amoeba vesicles comprise vehicles 
useful for delivering of a molecule of interest to a target cell. Once taken up by 
a target cell, non-pathogenic amoeba vesicles facilitate the cytoplasmic and/or 
the nucleus delivery of an encapsulated molecule, of interest, such as a 
therapeutic molecule, by fusing with the endosomal and/or nucleus 
membranes. 

Furthermore, as demonstrated in the following examples, the non- 
pathogenic amoeba D. discoideum vesicles proved to be more efficient than 
liposomes in the transfer of H0342 to living D. discoideum cells. Without willing 
to be linked to a particular theory, it is thought that this improved transfer 
efficiency may be due to the closest composition of D. discoideum vesicle lipid 
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bilayer with cell cytoplasmic and endosomal membranes. This similarity would 
make it easier for non-pathogenic amoeba vesicles, and in particular D. 
discoideum vesicles, to fuse with cell membranes and thus deliver the material 
contained in its interior or lipid bilayer. 

Accordingly, the invention further relates to a vehicle useful for in 
vitro and/or in vivo transferring a molecule of interest to a eukaryotic cell, in 
particular a mammalian cell, which vehicle consists in, or comprises, a 
D. discoideum vesicle as described above. Said vehicle may consist in or 
comprise a D. discoideum vesicle that contains Hoechst 33342. 

The invention also relates to the use of a non-pathogenic amoeba 
vesicle containing a molecule of interest, as described above, including a D. 
discoideum vesicle that contains Hoechst 33342, as a vehicle useful for in 
vitro, ex vivo and/or in vivo transferring a molecule of interest to an eukaryotic 
cell, in particular a mammalian cell. 

Preferably said non-pathogenic amoeba is D. discoideum. 

Accordingly a method for in vitro and/or ex vivo transferring a 
molecule of interest to an eukaryotic cell is provided, which method comprises 
the step consisting of contacting an eukaryotic cell with a vehicle according to 
the invention, I.e. a non-pathogenic amoeba vesicle containing a molecule of 
interest, including a D. discoideum vesicle that contains Hoechst 33342, under 
conditions sufficient to allow the non-pathogenic amoeba vesicle to fuse with 
the eukaryotic cell, whereby the molecule of interest is transferred to the 
eukaryotic cell. Such contact may be carried out for instance by culturing said 
eukaryotic cell in the presence of non-pathogenic amoeba vesicles. Preferably, 
said molecule of interest is exogenous to the non-pathogenic amoeba. 
Preferably said non-pathogenic amoeba is Dictyostelium discoideum. 

A method for in vivo transferring a molecule of interest to an 
eukaryotic cell is further provided, which method comprises the step consisting 
of contacting an eukaryotic cell with a vehicle according to the invention, i.e. a 
non-pathogenic amoeba vesicle containing a molecule of interest, including a 
D. discoideum vesicle that contains Hoechst 33342, under conditions sufficient 
to allow the non-pathogenic amoeba vesicle to fuse with the eukaryotic cell, 
whereby the molecule of interest is transferred to the eukaryotic cell. More 
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specifically said method may comprise administering a mammal with a non- 
pathogenic amoeba vesicle containing a molecule of interest, under conditions 
suitable to allow the non-pathogenic amoeba vesicle to fuse with a cell of said 
mammal, whereby the molecule of interest is transferred to said cell. 
Preferably, said molecule of interest is exogenous to the non-pathogenic 
amoeba. Preferably said non-pathogenic amoeba is Dictyostelium discoideum. 

The non-pathogenic amoeba vesicle may be administered for 
instance according to any suitable route usually used in the art where a 
liposome or other membrane vesicle delivery means is to be administered. For 
instance topical, oral, parenteral, intranasal, intravenous, intramuscular, 
subcutaneous or intraocular administration and the like may be contemplated. 

The non-pathogenic amoeba vesicle according to the invention 
can be administered either alone or in the form of a composition, in mixture 
with a physiologically-acceptable carrier (such as physiological saline or 
phosphate buffer) selected in accordance with the route of administration and 
standard pharmaceutical practice. The composition may contain 
pharmaceutically acceptable auxiliary substances as required to approximate 
physiological conditions, such as pH adjusting and buffering agents, tonicity 
adjusting agents and the like, for example, sodium acetate, sodium lactate, 
sodium chloride, potassium chloride, calcium chloride, etc. Additionally, the 
composition may include lipid-protective agents which protect lipids against 
free-radical and lipid-peroxidative damages on storage. Lipophilic free-radical 
quenchers, such as a- tocopherol and water-soluble iron-specific chelators, 
such as ferrioxamine, are suitable. 

Thus, a pharmaceutical composition comprising a non-pathogenic 
amoeba vesicle, in particular a D. discoideum vesicle, containing a therapeutic 
molecule together with a pharmaceutically acceptable carrier is within the 
scope of the invention. Actually using these non-pathogenic amoeba vesicles, 
the invention provides a method for the treatment of diseases that can be 
improved by administering a therapeutically effective amount of the non- 
pathogenic amoeba vesicles containing the therapeutic molecule. These may 
be for instance diseases characterized by aberrant expression of a gene in a 
mammalian subject, including tumors. Said therapeutic molecule may be in 
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particular an antisense nucleic acid component that hybridizes specifically with 
the aberrantly expressed gene. As used herein the term "therapeutically 
effective amount" means an amount which provides a therapeutic benefit. For 
antisense oligonucleotide this means generally 0.5 to 50 mg/kg of body weight, 
but when delivered in a lipid particle formulation, a below-toxic amount of lipids 
must be used. 

Preferably said vesicles may be utilized for the therapy of 
pathological disorders wherein a multidrug resistance phenotype may arise, 
such as cancer, mucoviscidose etc ... Furthermore, said vesicles may also be 
used to supplement a defective mutated gene. 

The application will be further understood in view of the following 
figures and examples. 

FIGURES 

Figure 1 is a representation of fluorescence emission spectra 
analysis of Hoechst 33342 excited at 350 nm, free or complexed with DNA, 
lipids and SDS detergent, (a) The emission peak at 475 nm was of very low 
intensity (a.u.) for free H0342 (4-44 ug/ml in buffer A), (b) For H0342 (8 ug/ml) 
added to (Cp) DNA at a [bp]/[dye] ratio »2, the emission peak at 450 nm was of 
a much higher intensity (x 100). H0342 associated with LUV, accounting for 
the higher second order diffusion at 700 nm, exhibited the same spectral 
characteristics, (c) In presence of SDS 2%, the emission spectra of H0342 (4- 
44 ug/ml), peaked at 470 nm, but the intensity was much higher (x 170) than 
the one of free H0342 in buffer A. (d) SDS 2% added to DNA-H0342 or lipid- 
H0342 complexes (as in b) was compared to SDS 2% added to H0342 8 
ug/ml in buffer A. All emission spectra peaked around 470 nm but there was no 
intensity increase for lipid-H0342 and only an increase «2 for DNA- H0342, 
compared to a factor of 170 for free H0342. 

Figure 2 depicts the fluorescence emission spectra of Dictyostelium 
extracellular vesicles, (a) Emission spectra of «12,000» and «105,000» A1 Dd 
vesicles compared to the spectra of the corresponding C1 vesicles, excited at 
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350 nm: both A1 spectra, of very weak intensity, peaked at 452 nm, whereas 
C1 spectra showed only a fluorescence background between 400 nm and 
500 nm. All second order diffusion peaks at 700 nm were relatively high. 

(b) Emission spectra of «12,000» and «105,000» A2 Dd vesicles compared to 
5 the spectra of the corresponding C2 vesicles, excited at 350 nm: the high 

diffusion peaks at 350 nm mask the low intensity emission spectra. 

(c) Emission spectra of A1 and C1 Dd vesicles as in (a), after addition of SDS 
(2% final concentration): for both the «12,000» and «105,000» A1 vesicles, the 
fluorescence maximum shifted towards 470 nm and the intensity was 

10 increased by a factor of «25 (note that the scale for If in (c) is 10 x the scale in 
(a). In contrast, the spectra of the C1 vesicles were not modified by addition of 
SDS. (d) Emission spectra of A2 and C2 Dd vesicles as in (b), after addition of 
SDS (2% final concentration). For both the «12,000» and «105,000» 
A2 vesicles, the fluorescence maximum shifted towards 470 nm and the 
1 5 intensity was increased by a factor of «1 0 (the scale for l f in (d) is 2 x the scale 
in (b). The second order diffusion peaks at 700 nm were largely decreased. 
The fluorescence spectra of the C2 vesicles were not modified by the addition 
of SDS, but the decrease of the diffusion peaks was also observed. 

Figure 3 represents fluorescence emission spectra of «12,000» A1 
20 Dd extracellular vesicles as a function of Hoechst 33342 concentration and 
incubation time with Dictyostelium cells during growth, (a) Growth curve of Dd 
cells, continuously maintained with H0342 (10 ug/ml) since initiation of the 
culture at a density Of 3 x 10 6 cells/ml. Images of Dd cells, fixed in 70% MeOH 
as a function of time (72 h-216 h), show the aspect of the cells and of their 
25 H0342 stained nuclei along the stationary plateau, (b) Emission spectra of 
concentrated (x 20) "12,000" A1 vesicles prepared at different time (24 h-165 
h) from growth media corresponding to (a). Emission spectra excited at 350 nm 
are shown with addition of SDS 2% and without, as described in figure 2 (note 
the double Y scale), (c) Emission spectra, excited at 350 nm, of a suspension 
30 (5x1 0 6 cells/ml in buffer A) of t'95 fixed Dd cells in (a) are shown with addition 
of SDS 2% and without, for comparison with the corresponding emission 
spectra of the fgs «12,000» A1 vesicles in (b). (d) Emission spectra obtained in 
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the same conditions as in (b) for concentrated (x20) «12,000» A1 vesicles, 
purified from different culture media of Do* cells grown in parallel during 24 h in 
presence of increasing H0342 concentrations (2.2-17.4 ug/ml, final 
concentration). 

EXAMPLES 

Example 1 : Materials and methods 

Dictyostelium cells 

• Growth and vital staining by H0342 

Dd cells, cloned Ax-2 strain, were grown in suspension in HL5 
semi-defined medium (Sussman, 1987 ; Watts and Ashworth., 1970), on a 
gyratory shaker (150 rpm) at 22°C. For proper oxygenation, each suspension 
was grown in an Erlenmeyer holding five times the suspension volume with 
addition of antibiotics (Biomedia) (penicillin (50 U/ml), streptomycin (50 U/ml)). 
Dd cells are able to grow and divide at the expense of soluble or particulate 
nutrients to produce vegetative cells, which were generally used in the late 
exponential phase of growth for starvation. 

In the present work, cells were grown as above (control) or in the 
presence of H0342 (Molecular Probes). H0342 stock solution («1 mg/ml) was 
prepared in de-ionized water, filter sterilized (0.22 jxm), stored at -20°C, and 
diluted to the appropriate concentration (4-44 ug/ml) when initiating the culture 
with H0342. For most experiments, cells were incubated with H0342 during 
24 h. In some experiments, cells were incubated with H0342 (10 ug/ml) for 
periods of time ranging from 24 h to 216 h. Cells, grown with H0342 or without, 
were used further for preparation of vesicles, and, sometimes, for starvation 
before preparation of vesicles, without any H0342 added during starvation. 

• Starvation 

To initiate cell starvation, cells at the end of their exponential growth 
-with or without H0342- were harvested by centrifugation at 700g for 5 min, 
washed twice in ice-cold potassium phosphate buffer (17 mM, pH 6.8) (buffer 
A), and resuspended in this buffer at a density of 4 x 10 7 cells/ml at time 0 (to). 
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Cells were starved 22 h on a gyratory shaker (150 rpm) at 22°C, in proper 
oxygenation conditions. 

• Cell fixation 

In a few experiments, Dd cells grown in presence of H0342 were 
5 prepared as described for starvation, but resuspended at a density of 2 x 
10 7 cells/ml in cold (-20°C) methanol :buffer A (70:30 v/v). Fixation was 
achieved after 10 min at -20°C and cells were kept at 4°C until use. 

• Preparation of vesicles 

At the end of the time of growth of the cells with H0342 or after the 
10 same time for the cells grown without H0342, cells were harvested and both 
growth media were prepared cell-free by centrifugation at 700g for 5 min and 
kept at 4°C. The t22 starvation media were prepared in the same way. For 
preparation of vesicles, each medium was clarified by centrifugation at 2,000g 
for 10 min (4°C), giving rise to a supernatant S/2,000. «12,000» vesicles were 
15 prepared from S/2,000 by centrifugation at 12,000g for 20 min (4°C). 
«105,000» vesicles were obtained from S/1 2,000 by centrifugation at 105,000g 
for 45 min (4°C). Pellets P/1 2,000 and P/1 05,000 were resuspended and 
(x50) concentrated in 40 mM Tris-HCI, pH 7.4, 250 mM sucrose, 5 mM 
dithiothreitol, 2 mM EDTA (buffer B) and anti-proteases. All chemical reagents 
20 were from Sigma. The vesicles were respectively named A1 when prepared 
from growth medium with H0342 and C1 without H0342 (control). Vesicles 
prepared from tzz starvation media were respectively named A2 (H0342) and 
C2 (control). 

All vesicles, when stored at 4°C, were highly stable and could be 
25 kept up to 6 weeks until use. 

Human leukemic K562 cell lines 

The erythroleukemia K562 cells (ATCC CCL-243), were maintained 
in suspension in a 25 cm 2 (Corning) flask for tissue culture, using RPMI 1640 
medium supplemented with 10% fetal calf serum (Biomedia), glutamine (2mM) 
30 and antibiotics (Biomedia) (penicillin (50 U/ml), streptomycin (50 U/ml)). Cells 
were grown in a 5% CO2 and 95% humidified air atmosphere, at 37°C. The 
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resistant K562r cell line, expressing the multidrug P-glycoprotein, was selected 
from the normal sensitive K562s cell line as described (Loetchutinat et aL, 
2003). In order to maintain P-glycoprotein expression, the medium of K562r 
cells was supplemented with 60 ng/ml colchicine. 

For the experiments, K562 ceils were harvested at a density about 
10 6 cells/ml. After cell counting on a BOrker hemocytometer, cells were 
centrifuged (5min, 300g) and resuspended at a density of 10 7 cells/ml in 
RPM1 1640 medium with 10% fetal calf serum. 

SDS-PAGE 

After quantification of protein concentrations of Dd vesicles by the 
method of Peterson (Peterson et al., 1977), SDS-PAGE (8% or 12%) was 
performed according to Laemmli (1970). SYPRO-red (Molecular Probes) 
staining (sensitivity similar to silver staining) was used to visualize 
electrophoretic patterns. 

Preparation of liposomes 

Egg phosphatidylcholine and cholesterol (Sigma) have been used 
for preparation of large unilamellar vesicles (LUV) and small unilamellar 
vesicles (SUV), according to Olson (Olson et al., 1 979). 

Video light-microscopy 

The morphological changes of the growing and/or aggregating Dd 
cells were controlled by phase contrast microscopy with an Olympus BHA 
transmission microscope (Scop, Rungis, France) and by low magnification 
stereomicroscopy (Olympus STZ). UV fluorescence microscopy was performed 
with the same BHA Olympus microscope, equipped with a 100 W mercury 
lamp and an ultraviolet-blue fluorescence excitation block. 

Images of cells Incubated with Dd vesicles were recorded by video 
light-microscopy with the same BHA microscope. The video set-up was self- 
made with the following additional components: a C adaptator on the BHA 
microscope (Olympus, Rungis, France) a Black & White analogic CCD camera 
and a Black & White video monitor (Optophotonics, Eaubonne, France), a 
Dazzle Hollywood DV-Bridge for analogic-digital conversion (New Edge, 
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Boulogne Billancourt, France) and an Apple IMac G3 with a FireWire input 
(Computer Bench, Villejuif, France). Data acquisition was achieved through 
NIH Image 1.62. 

H0342 transfer from Dd vesicles to its intracellular target, i.e. nuclei 
5 of living Dd or K562 cells, was observed as follows: 1 0 nl of cells (»10 7 cells/ml, 
either directly harvested for Dd cells or after concentration by centrifugation for 
K562 cells) and 10 nl of concentrated Dd vesicles were deposited on a 
microscope slide under a 20x20 mm cover glass and observed by UV 
fluorescence video microscopy as a function of time. For overnight 
10 observations, cover glasses were sealed on microscope slides with nail varnish 
to prevent sample evaporation. 

Electron microscopy 

Whole mounts of Dd vesicles were observed by negative staining 
electron microscopy. Pellets obtained after 12,000g or 105,000g centrifugation 
15 were loaded 30 s on formvar coated nickel grids. Grids were stained 10 s with 
a droplet of 0.2% (w/v) aqueous uranyl acetate and dried. The grids were 
observed with a Philips CM1 2 electron microscope at an accelerating voltage 
of 80 kV. 

Absorption spectroscopy 

20 Absorption spectra were recorded on a UV-Visible Varian 

DMS 70 spectrophotometer. Before preparing dilute solutions of H0342 stock 

solution (*1 mg/ml), the concentration was checked by a 1/20 dilution in buffer 

A. Absorbance measurement was performed in a 2x10 mm quartz cuvet (l=2 

-1 -1 

mm), using a molar absorbance of £ = 42,000M .cm at 340 nm. 
25 Concentrations are usually given in ng/ml (Mr=616). 
Fluorescence spectrofluorimetry 

Steady state fluorescence emission and excitation spectra were 
obtained on a spectrofluorimeter with an experimental set-up as described in 
Klein et al., 1987), but automated with a Macllci computer and a Labview 
30 software for the acquisition of data. Kaleidagraph was used for the treatment of 
data. Quartz cuvets of 3x3mm were positioned with two perpendicular 
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micrometers. The slit widths were 2 and 2 mm for the excitation 
monochromator (Mcpherson) and 2 and 1.8 mm for the emission 
monochromator (Baush & Lomb). All fluorescence measurements were made 
at22°C. 

5 For photophysical studies, dilutions of H0342 stock solution were 

made in buffer A. The interaction between H0342 and DNA was studied by 
adding H0342 (14.3 uM, final concentration) in buffer A to DNA (33 uM in base 
pairs, Mr=610, final concentration). The [bp]/[dye] ratio was ~2. Clostridium 
perfringens (Cp) DNA (Sigma) was chosen for its (A/T) base composition 

10 similar to the one of Dd DNA. Interaction with lipids was studied by 
incorporating H0342 (100 ug /ml, initial concentration in buffer A) into LUV, 
followed by PD-10 column filtration, and further sonication of the LUV fraction 
to prepare H0342-containing SUV. As a control, SUV were also prepared 
without the dye and H0342 (40 ug/ml, final concentration in buffer A) was 

15 added to the SUV preparation. Interaction with an anionic detergent was 
followed spectrofluorometrically by adding sodium dodecyl sulfate (SDS) at a 
final concentration of 2%, i.e. above critical micelle concentration (cmc=8.1 
mM), to H0342 in the concentration range of 4-44 ug/ml in buffer A. In some 
experiments, SDS 2% was added to DNA-bound H0342 and lipid-bound 

20 H0342. The (uncorrected) spectra were recorded from 360 to 720 nm, using a 
350 nm excitation wavelength. The sample absorbance at this excitation 
wavelength was usually less than 0.1 in order to eliminate inner filter effects. 

Example 2: Morphological characteristics of vesicles 
25 expelled by Dd cells into the extracellular media during growth and 
starvation 

Dd extracellular vesicles (Tatischeff et al., 1998 ; Tatischeff et ah, 
2001) have been further purified from growth medium of vegetative (to) cells 
and from t 22 conditioned medium, as detailed in Materials and methods. The 
30 different purified A1 and A2 vesicles, as well as C1 vesicles (control vesicles), 
have been analyzed by negative staining electron microscopy. Whether they 
contained HQ342 or not, most of the vesicles exhibited a round-shaped 
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structure, limited by a lipid-like bilayer membrane. However, the « 105,000 » 
A2 vesicles exhibited numerous ovoid structures. In the control « 12,000 » C1 
preparation, some electron-dense fibrillar structures could be observed beside 
the vesicles. The vesicle size was heterogeneous, ranging from 57 nm to 

5 500 nm in diameter. 

Some interesting details of the vesicle preparations were observed 
with a higher magnification. «12,000» A1 and A2 vesicles depicted varying 
size. The smaller round-shaped vesicles contained an electron-dense material, 
excentered near the membrane, whereas the largest ones appeared empty 

10 with a folded-up membrane. Among the «105,000» A1 and A2 vesicles, the 
most remarkable features were the appearance of crescent-shaped structures 
and ovoid structures with a folded-up membrane. Control «12,000» and 
«105,000» C1 vesicles appeared mainly homogenously round and less 
electron-dense, as empty. Some vesicles were characterised by a rather large 

15 membrane invagination. 

Example 3: Biochemical analysis of Dd vesicles 

Vesicles prepared and concentrated (x 50) from growth media (A1 , 
C1) were first analyzed for their protein content. Table 1 indicates that in 

20 control conditions, Le in the absence of H0342 during growth, a much larger 
amount of proteins was present in «105,000» C1 vesicles as compared to the 
one in «12,000» C1 vesicles. In contrast, protein content of «12,000» A1 
vesicles purified from growth medium of cells grown with H0342 was 
significantly higher than that of «105,000» A1 vesicles prepared in the same 

25 experimental conditions. 
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Table 1. Protein content of Dictyostelium A1 and C1 vesicles 



Dd Vesicles 


Protein content 
(Mg/10 8 cells) 


C1 control 


« 12,000 » 
« 105,000 » 


66 
110 


A1 (H0342) 


« 12,000 » 
« 105,000 » 


141 
104 



SDS-PAGE (12%) analysis performed under reducing conditions 
5 shows that both «12,000» and «105,000» C1 vesicles exhibited qualitatively 
comparable electrophoretic patterns with polypeptides of 97, 66-60, 45, and 
35-30 kDa. However, differences in signal intensities were observed for the 66- 
60 and 45 kDa polypeptides between the «12,000» and «105,000» (higher and 
lower intensity for the «12,000» C1 vesicles 60 and 45 kDa polypeptides, 

10 respectively, compared with the «105,000» C1 vesicles). When using gels 8% 
in acrylamide, a strong signal was detected at 205 kDa with both samples, in 
agreement with our previous data (Tatischeff et al., 1998). The « 12,000 » and 
« 105,000 » A1 vesicles, externalised by cells grown with H0342, exhibited 
electrophoretic patterns qualitatively similar to those observed for the control 

15 C1 vesicles. 

Example 3: Fluorescence emission spectra of H0342 in 
buffer and associated with DNA, lipids and/or anionic detergent SDS 

In order to analyse the presence of H0342 in Dd vesicles and its 
20 possible association state, the fluorescence characteristics of H0342 was first 
studied, either free in buffer A or associated with DNA, lipids and/or detergent. 

A solution of H0342, In the concentration range 4-44 ng /ml in buffer 
A, showed a very weak fluorescence emission, linear as a function of 
concentration, with a maximum wavelength at 475 nm when excited at a 
25 wavelength of 350 nm (fig. 1a). When interacting with (Cp) DNA, at a low 
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[bp]/[dye] ratio («2), H0342 exhibited a higher fluorescence intensity (x100) 
with a blue-shifted emission peak at 452 nm (fig. 1 b), as previously described 
(Gorner et al., 2001 ; Cosa et al., 2001). 

Interaction of H0342 with lipids was studied by encapsulating the 

5 dye into liposomes. In the H0342-containing SUV, an increase in fluorescence 
intensity and a blue-shifted emission peak at 447 nm were observed (fig. 1b). 
Interaction of H0342 with lipids has been mentioned before, but without any 
spectral characteristics (Shapiro et al., 1995 ; Shapiro et al., 1997). SDS, an 
anionic detergent, was also known to interact with H0342, mainly above its 

10 cmc of 8.1 mM (Gorner et al., 2001). Indeed, a very high increase was 
observed for H0342 fluorescence intensity (x 170) in the presence of SDS 2% 
(final concentration in buffer A, highly above cmc) (fig. 1a, c), with the same 
350 nm excitation wavelength. The emission maximum was at 470 nm instead 
of 475nm for free H0342, i.e. with a very small blue shift. Addition of SDS 2% 

15 to H0342 interacting with DNA induced a much smaller increase in 
fluorescence intensity (x 2.5) (fig. 1d), but the emission peaked also at 470 nm, 
which represents an important red-shift from 452 nm. A comparable spectral 
behaviour was observed with SDS 2% added to H0342-containing liposomes, 
i.e. a significant shift from 447 to 470 nm of the emission peak, but without any 

20 increase in fluorescence intensity (fig. 1d). These data indicate that there is a 
competition between SDS and DNA or lipids for the binding of H0342. 

Example 4: Fluorescence emission spectra of H0342 in Dd 
extracellular vesicles 

25 The «12,000» and «105,000» A1 and C1 vesicles were studied by 

spectrofluorimetry. Both «12,000» and «105,000» A1 vesicles, excited at 350 
nm, exhibited weak Intensity emission spectra between 360 and 720 nm (fig. 
2a), with a wavelength maximum around 450 nm, near to the one observed for 
H0342-DNA or H0342-lipid complexes. The emission spectra of «12,000» 

30 and «105,000» A2 vesicles, when excited at 350 nm, were of lower intensity 
(fig. 2b). With the control C1 and C2 vesicles, only a very small background 
fluorescence was observed between 390 and 500 nm (fig. 2a, b). It is worth 
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noting the relatively large second order diffusion component at 700 nm (fig. 2a, 
b), related to the vesicular nature of the materials. 

To assess the state of H0342 inside Dd vesicles, SDS 2% has been 
added to disrupt the vesicle membrane. In all types of vesicles, the detergent 
5 effect of SDS was clearly shown by the large decrease of the second order 
diffusion peak at 700 nm (fig. 2c, d). 

The H0342 contained in the A1 and A2 vesicles exhibited, in 
presence of SDS 2%, a fluorescence emission peak at 470 nm (fig. 2c, d). 
Furthermore, the intensity was increased by a factor «25 (+/- 3) for H0342 in 

10 the «12,000» and «105,000» A1 vesicles and by a factor «10 (+/- 0.5) for 
H0342 in the «12,000» and «105,000» A2 vesicles. As shown previously, the 
fluorescence of H0342 in interaction with SDS 2% was characterized by a 
much higher intensity (fig. 1c) as compared to free H0342 (fig. 1a). When SDS 
2% was added either to H0342-DNA or -lipid complexes, a shift of the 

15 maximum wavelength around 450 nm towards the same 470 nm wavelength 
was observed, but with no important intensity changes (fig. 1b, d). The intensity 
increase observed by disrupting the vesicle membranes by SDS 2%, as 
compared to the fluorescence characteristics of H0342 in different states of 
association (fig. 1) suggests that H0342 contained in Dd vesicles could be 

20 partly associated with DNA or/and lipids and partly free inside the vesicles. In 
contrast, no effect of SDS 2% was observed on the fluorescence spectra of the 
«12,000» and «105,000» C1 and C2 vesicles, indicating that the fluorescence 
characteristics of Dd vesicles are related to their H0342 content. 

25 Example 5: Influence on the vesicular externalisation of 

H0342 of the dye concentration In the cell growth medium and of the 
incubation time with Dd cells 

The following experiments give an insight of the absence of 
cytotoxicity of H0342 during Incubation with Dd cells in the growth medium and 
30 of the efficiency of its vesicular externalisation as a function of the used 
experimental conditions. The growth curve of Dd cells, continuously maintained 
with HQ342 (10 ug/ml) since the initiation of the culture at a density of 3x1 0 6 
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cells/ml is shown on figure 3a. Images of Dd cells, fixed in 70% MeOH at 
different times (from 72 h to 216 h), show the aspect of the cells and of their 
H0342 stained nuclei. Apoptosis might increase as a function of time along the 
stationary plateau (Tatischeff et al., 2001), and the characteristic much smaller 
size of apoptotic cells were predominant for the t'216 fixed Dd cells (fig. 3a). 

Concentrated (x 20) «12,000» A1 vesicles were prepared after 
different times of incubation (24 h-165 h) and studied by fluorescence 
spectroscopy, both with and without addition of SDS 2%, as previously 
described. The fluorescence of H0342 associated with the vesicles, excited at 
350 nm, was increasing from 24 h to 72 h (fig. 3b), when Dd cells reached the 
stationary phase of growth (fig. 3a). A suspension (5 x10 6 cells/ml in buffer A) 
of 1 95 fixed Dd cells (fig. 3a) exhibited fluorescence spectra with or without SDS 
2%, characteristic of H0342-DNA complexes (fig. 3c). The corresponding 
fluorescence emission spectra of the concentrated (x20) «12,000» A1 vesicles 
released by these t'95 cells (fig. 3b) exhibited the same maximum at 450nm, 
shifted to 470 nm in presence of SDS. However, the observed increase in 
fluorescence intensity due to interaction with SDS, was «1 1 for the vesicles 
and only 2.3 for the H0342 stained nuclei in fixed cells. This value is to be 
compared with the (x 2.5) increase in fluorescence intensity observed by 
adding SDS 2% to the H0342-(Cp) DNA complex (fig. 1b, d). 

The influence of H0342 concentration (2.2-17.4 pg/ml, final 
concentration) in the growth media is shown on figure 3d. The fluorescence 
emission spectra of the «12,000» A1 vesicles, purified from different growth 
media of Dd cell cultures, initiated at the same density (3x1 0 6 cells/mi) and 
grown in parallel during 24 h in presence of increasing H0342 concentrations, 
did not exhibit any significant variation. However, SDS (2%) disruption of the 
vesicles originating from Dd cells incubated at the highest H0342 
concentration showed the presence of a higher amount of free H0342. In this 
case, the observed increase in fluorescence intensity due to interaction with 
SDS, was « 20, to be compared with an increase « 10 for the other H0342 
concentrations. When comparing the spectra shown on figure 3b and d, the 
amount of vesicles released in the extracellular medium, as measured by the 



25 

700 nm second order peaks, appeared more important only after 72 h of 
incubation with H0342, i.e. at the stationary phase of growth. 

Example 6: Dd A1 vesicles mediate the transfer of H0342 to 
5 the nuclei of living Dd cells 

The nuclei of Dd cells grown without H0342 became highly stained 
with the dye, after about 1/2 h of incubation with Dd concentrated (x 50) 
«12,000» A1 vesicles. Three different fields were observed by light microscopy 
at different times after starting the incubation, either with white light to control 

10 the cell appearance, or under UV exciting light for fluorescence observation of 
the nuclei. After 6 min, very few fluorescent structures appeared, but after 34 
min and 67 min almost all of the nuclei were heavily stained within the living 
cells. As a control, Dd cells were also incubated with the cell growth medium 
used for the preparation of the A1 vesicles and containing the vesicles before 

15 concentration by centrifugation. After 55 min, only a multinucleated Ddcell, 
having lost its membrane refringency, exhibited nuclei staining. This first 
observation shows that concentrated (x 50) «12,000» A1 vesicles are efficient 
to mediate H0342 transfer to the nuclei of living Dd cells grown without 
H0342. By contrast, when the H0342-containing SUV studied by 

20 spectrofluorimetry (Fig. 1b) were incubated » 1 h with Dd cells, in the same 
conditions, no staining of the nuclei was observed. 

Dd «105,000» A1 vesicles, although containing less H0342 than the 
«12,000» A1 vesicles, as shown by fluorescence spectroscopy (fig. 2a, c), 
were also able to mediate H0342 transfer towards the nuclei of Dd cells. One 

25 single field showing a few normal Dd cells and one larger cell, was observed as 
a function of time of incubation with concentrated (x 50) «105,000» A1 
vesicles. A faint labelling of the nuclei by H0342 in the mono- or binucleated 
cells appeared only after about 2h of incubation and full labelling of the nuclei 
in the multinucleated Dd cell was not achieved before 3h 36, that is later than 

30 with the « 1 2,000» A1 vesicles. Observation of the same field by phase contrast 
microscopy at the beginning (5 min) and at the end (3 h 51) of the UV 
observations showed a modification of the living cells, but without any features 
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of cell necrosis during such a long time for the cells maintained under a 
coverslip without proper oxygenation. This suggests a possible protective effect 
of Dd vesicles against cell stress processes, as compared to cells incubated in 
the same conditions without concentrated vesicles. 

Example 7: Dd A1 vesicles mediate the transfer of H0342 to 
the nuclei of living human leukemic K562 cells, either multidrug resistant 
or sensitive 

Human leukemic K562 cells, sensitive (s) or multidrug resistant (r) 
(Loetchutinat et al.,2003) were incubated with Dd concentrated vesicles, in 
order to control the ability of these vesicles to transfer H0342 to nuclei of other 
living cells than Dd Cells. With the concentrated (x 50) «105,000» A1 vesicles, 
at a comparable time scale as the one used with Dd cells, the much larger 
nuclei of the K562r cells became visible by UV fluorescence. Some of the cells 
had a quite normal appearance after staying «4 h under a coverglass, whereas 
other cells depicted some blebs; however, the cells were still refringent by 
phase contrast microscopy and their stained nuclei were clearly inside the 
cells, as observed by simultaneous observation with white light and UV 
microscopy. 

Comparative observations of K562r and K562s cells incubated 
overnight with less concentrated (x20) «12,000» A1 vesicles were carried out. 
Nuclei were again heavily stained with HQ342 but seemed to occupy almost 
the whole cells, when compared with K562r cells observed for a shorter 
incubation time. This reduction in cell size might be related to the initiation of 
an apoptotic process for K562r cells remaining such a long time without proper 
oxygenation. 

The Dd concentrated (x 25) «12,000» and «105,000» A2 vesicles, 
obtained from t22 starved cells, were also able to mediate H0342 transfer to 
nuclei of K562s cells during an overnight incubation. The nuclei of the K562r 
cells were also stained by overnight incubation with the Dd concentrated (x 25) 
«12,000» A2 vesicles. They were but poorly stained with the Dd «105,000» A2 
vesicles. 
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After overnight incubation with Dd concentrated (x 25) «12,000» A2 
vesicles and «105,000» A2 vesicles, the much smaller Dd nuclei were also 
stained with H0342 inside Dd cells. 

This study by video light-microscopy shows that Dd externalised 
5 vesicles are able to interact with other living cells targeting their H0342 content 
Into the nuclei of either Dd cells or human leukemic K562 cells, and this, 
independently of the huge differences in size of their nuclei and genomes. Do* 
vesicles containing H0342 or not appeared to protect the cells against 
necrosis linked to a lack of oxygenation during about 4 h. However, an 
10 overnight incubation was probably too long and did induce some apoptotic 
morphological changes, such as a reduction in cell size and, cell blebbing, 
specially for the K562r cells. 

Example 8: D. discoideum vesicles constitute an efficient 
1 5 delivery vehicle for transfer of exogenous molecules to human cells 

The above results demonstrated that D. discoideum vesicles 
containing H0342 efficiently target the dye to the nuclei of human K562 cells, 
either multidrug sensitive or resistant. 

Leukaemic K562 cells were previously found (Asahi et al., 1995) to 
20 differentiate and recover the capacity to synthesize haemoglobin upon 
exposure to a D. discoideum differentiation inducing factor (DIF, Morris et al., 
1987). DIF is a small molecular weight molecule that shows structural analogy 
with the antitumoral compound differanisole A. 

Accordingly D. discoideum cells are grown in the presence of DIF so 
25 as to encapsulate the differentiation factor within the extracellular vesicles. It is 
worth noting that growing D. discoideum cells do not synthesize DIF, which 
thus can be regarded as an exogenous molecule to D. discoideum cells during 
growth phase. 

Said vesicles are further isolated and concentrated and further 
30 contacted with K562 cells, as described above with the vesicles containing 
H0342, so as to assess whether K562 cells acquired capacity to synthesized 
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haemoglobin, i.e. whether the differentiated phenotype of the K562 cells is 
reverted by DIF-containing Dd vesicles. 

The present data show that the cells of the unicellular eukaryotic 
microorganism D. discoideum externalise vesicles containing endogenous and 
exogenous molecules. Dd cells can be grown or starved in rather large 
suspensions, therefore allowing easy isolation from the growth or starvation 
medium of large amount of these vesicles. 

Purification of the vesicles, either externalised from cells grown in 
presence or not of the vital DNA stain H0342, or expelled by the same cells 
after a 22 h starvation period in buffer A, led to isolate different types of 
vesicles. They were separated in two groups by ultracentrifugation at 12,000g 
and 105,000g. 

Electron microscopy studies and biochemical analyses evidenced 
the vesicular nature of the material, as well as some characteristics in common 
with the vesicles secreted by some mammalian cells and named "exosomes" 
(Denzer et al., 2000a ; Kobayashi et al., 2002). Electron microscopy of the 
different types of purified Dd vesicles, studied by negative staining at high 
magnification, gave indication of similarities with the electron microscopy of 
exosomes originating from the MVBs of many mammalian cells (Kobayashi et 
al., 1998 ; Denzer et al., 2000a ; Blanchard et al., 2002). To confirm such 
similarities, it would be necessary to control, by immunoelectron microscopy, 
the presence on Dd vesicles of some specific markers of mammalian 
exosomes, namely the tetraspan proteins CD82 and CD63, which are 
suggested to play a role in their cell targeting (Denzer et al., 2000a). 

The protein analysis of Dd vesicles indicated the presence of 
polypeptides of 97, 66-60, 45, and 35-30 kDa. This has to be compared with 
the proteins associated with the purified Dd endocytic vesicles (Rodriguez- 
Paris et al., 1993 ; Nolta et al, 1994, Adessi et al., 1995). Among the major 
proteins, identified by sequence analysis, attention has to be paid, beside actin 
and a Rab 7-like GTPase, to the many subunits of the D. discoideum vacuolar 
H + -ATPase (p110, p66, p59, p41 and p29) and to a 34 kDa new cysteine 
protease (Adessi et al., 1995). Whether the polypeptides in the 60-66 kDa 
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molecular mass region could either be the CD63 tetraspan requires a control 
by Western blot analysis with the specific antibodies. 

A previous lipid analysis of the vesicles by thin layer 
chromatography in two dimensions (see fig.5 in Tatischeff et al., 1998), 
5 indicated the presence of the usual membrane phospholipids (PC, PE, PI, PS) 
and sphingomyelin. Furthermore, a lysophospholipid, with the characteristic R f 
of LBPA was evidenced. Such an analysis takes now its importance, since the 
lipid analysis of mammalian cell exosomes described LBPA as a specific 
marker of MVBs and of the derived exosomes (Kobayashi et al„ 1998 ; 

10 Kobayashi et al., 2002). It is interesting to recall the observation of the 
presence of a stereoisomer of LBPA in Dd cells (Ellingson et al., 1980). More 
recent studies on Dd lysosomes relate the presence of bis(monoacylglycerol) 
phosphate (BMP) (another name for LBPA), which contributed up to half of the 
total lipids in lysosomal vacuoles. The presence in an early diverged protist of 

15 this lipid characteristic of lysosomes in animal cells, suggested that this 
phospholipid serves a universal and essential function in endocytosis 
(Rodriguez-Paris et al., 1993 ; Nolta et al., 1994). The common presence of 
LBPA, both in Dd externalised vesicles and in mammalian exosomes, could 
then suggest an essential function of this lipid in the formation and fusion of 

20 vesicles mediating intercellular communication. 

In the present study, the fluorescence properties of H0342 were 
used to demonstrate by spectrofluorimetry that the vesicles externalised from 
Dd cells grown in presence of H0342 actually contained the dye. That was true 
for both the «12,000» and «105,000» vesicles, either purified directly from the 

25 cell growth medium (A1), or from the t22 starvation medium of the same cells 
(A2). The fluorescence characteristics of H0342 in buffer A (pH=6.8), as 
compared to H0342 bound to (Cp) DNA or to lipids, and/or to an anionic 
detergent, are in general agreement with previous studies on the photophysics 
of this dye (Gorner et al., 2001 ; Cosa et al., 2001 ; Shapiro et al., 1995 ; 

30 Shapiro et al., 1997). Indeed, a bathochromic shift in the dye absorption 
spectra was observed, as well as a blue-shifted fluorescence emission when 
H0342 was complexed to DNA. These modifications were associated to an 
increase in the fluorescence intensity. Such spectral characteristics result from 



30 



changes in the dipole moment of the molecule upon excitation or decay to the 
ground state and Its interaction with the environment. Due to the structure of 
the bis-benzimide dye H0342 (fig. 1a), its fluorescence deactivation is 
dependent on the configuration of the two benzimidazole units. In aqueous 
solvent («pH 7), the binding between the two benzimidazole units is flexible 
and a radiationless decay of excitation arises from rotation along the bis- 
benzimide axis. In contrast, when H0342 is bound to DNA, the shifts in the 
absorption spectra and in the fluorescence emission, as well as the magnitude 
of the increase in the fluorescence quantum yield, are dependent on the 
location of the dye in the DNA structure. H0342 bound in the DNA small 
groove is only partly protected from the polar environment. Upon excitation, 
there is a charge transfer process between the two benzimidazole subunits, 
resulting in a more planar configuration of the molecule. This should be the 
most predominant conformation in DNA, at a high [bp]/[dye] ratio, due to a 
rather tight binding of the dye in the DNA groove, which is responsible for the 
longer-lived component, i.e. for the blue shift and higher intensity of the 
H0342-DNA complex. However, at the low [bp]/[dye] ratio of our study, the 
average distance between two dye molecules should be « 1-2 bp, where a 
steric hindrance could occur, favoring the twisted conformation at the expense 
of the planar one. The magnitude of the fluorescence increase is therefore 
lower than at a higher [bp]/[dye] ratio and remains very sensitive to the pH of 
the environment (Cosa et al., 2001). 

The previous studies on the interaction of H0342 with lipids were 
less spectroscopically documented (Shapiro et al., 1995 ; Shapiro et al., 1997) 
than the one with DNA. Some similar mechanism of protection of the 
hydrophobic part of the dye from the polar environment could explain the 
observed increase of the H0342 fluorescence intensity, as well as the 
presence of a blue-shift in the emission maximum, if a planar configuration of 
the dye is imposed by its interaction with the fatty acyl chains of the lipids. The 
strong enhancement of fluorescence intensity with a minute blue shift, when 
H0342 was interacting with the anionic detergent SDS above cmc, could be 
explained by the partial entry of the dye into the apolar core of the micelles, 
leading to a less polar environment around at least a part of the benzimidazole 
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rings. The negative charge of SDS at the surface of the micelles probably 
Interacts with the positive charge of the dye, stabilising the configuration of the 
two rings. Addition of SDS to either H0342 -DNA or -lipid complexes which led 
to a strong red shift towards 470nm but without a major increase of 
5 fluorescence intensity could be explained by a change in the environment 
around the part of the dye still exposed to the solvent. 

This photophysical study allowed giving more detailed information 
about the state of the dye in Dd vesicles. In the intact vesicles containing 
H0342, the intensity of the fluorescence emission was about 10 times the 

10 maximum of the highest measured concentration of the dye in buffer A (44 
pg/ml). This maximum is blue-shifted as with H0342-DNA or -lipid complex. 
This set of data indicates that the dye within the vesicles is complexed with 
both DNA and lipids or with only one of these macromolecules, present in or 
associated with Dd vesicles (Tatischeff et al., 1998). The addition of SDS 

15 above cmc clearly disrupts the vesicle membranes, as shown by the decrease 
in intensity of the second order diffusion peaks. It also increases the H0342 
fluorescence intensity by a rather high factor (x 25 and x 10 for the A1 and A2 
vesicles, respectively), which indicates the presence of free dye inside the 
vesicles. The presence of free H0342 contained in Dd vesicles agrees with our 

20 previous observation of an H0342 fluorescent spot clearly distinct from any of 
the phospholipids, on the two-dimensional TLC migration of phospholipids 
extracted from Dd vesicles after H0342 vital staining of the cells (see fig. 5 in 
Tatischeff etal., 1998). 

Finally, a video light-microscopy study of Dd cells, grown in the 

25 absence of H0342 and maintained in presence of the various H0342- 
containing vesicles, demonstrated the ability of these vesicles to target the 
DNA specific stain into the nuclei of living Dd cells. A similar study with human 
leukemic K562 cells, either sensible (s) or multidrug resistant (r), evidenced the 
capacity of the Dd H0342-containing vesicles to transfer the dye into the nuclei 

30 of the human cells, as well. The efficient targeting of H0342 to the nuclei of 
living cells is then to be ascribed to the Dd vesicle-mediated delivery of free 
H0342. It is to be noticed that, in these conditions, only the nuclei of the cells 
appeared stained and not the membrane or any other cell compartment, i.e. 
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the well-acknowledged specificity of H0342 for DNA was maintained at the cell 
level. 

Difference between the two types of vesicles isolated from Dd cell 
growth medium, « 12,000 » and « 105,000 » A1, has been observed in the 

5 present report. If both types are able to transfer the dye to cell nuclei, the time 
required for an efficient staining of the nuclei inside Dd cells was « 7 times 
longer with the «105,000» A1 vesicles than with the «12,000» A1 vesicles. The 
rather long time («3h30) necessary for a full staining of Dd nuclei inside 
Dd cells with the «105,000» vesicles was comparable to the one necessary for 

10 nuclei staining inside K562r cells in the same conditions. With regard to the 
simultaneous H0342 transfer to nuclei of K562r and K562s cells mediated by 
«12,000» A1 vesicles, after overnight incubation, it is to be noticed that the 
efficiency of staining seemed comparable for both cell types. It is noteworthy 
that after such a long incubation time without proper oxygenation, the observed 

15 K562 cells were not lysed, suggesting a protective influence of the Dd vesicles 
on the human cell membranes. However, compared with the shorter incubation 
time used with the «105,000» vesicles, most of the stained nuclei seemed to 
occupy the full K562 cells, suggesting a possible pre-apoptotic decrease in 
size after overnight incubation. 

20 The efficiency of transfer of H0342 mediated by «12,000» and 

«105,000» A2 vesicles isolated from the t22 starvation medium was compared 
simultaneously on the three cell types with overnight incubation. The nuclei of 
K562s cells were much more stained with the «12,000» A2 vesicles than with 
the «105,000» A2 vesicles. The nuclei of K562r cells were stained by the 

25 «12,000» A2 vesicles with a much lower efficiency than the nuclei of K562s 
cells. Staining of the K562r nuclei with the «105,000» A2 vesicles was very 
faint. Dd cells were also more efficiently stained with the «12,000» A2 vesicles 
than with the «105,000» A2 vesicles. 

The unicellular apoptotic death of Dd cells induced by starvation in a 

30 t 2 2 conditioned buffer has been described previously (Tatischeff et al., 2001). 
Presently by starving Dd cells, in the t 2 2 starvation medium used for purifying 
the A2 vesicles, an induced-apoptotic death was observed by morphologic 
criteria. However, starvation of Dd" cells in the samel 05,000g clarified 
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supernatant, which was depleted of all A2 vesicles, did not induce cell death 
(data not shown). This suggests a leading role of the A2 vesicles in the 
induction of apoptotic Dd cell death. 

The externalisation of vesicles may be a general property of many 
5 cell types, first mentioned in 1981 (Trams et al., 1981). However, there seems 
to be an Important heterogeneity in origin, nature, protein composition and 
physiological functions -mostly yet unknown- of the described extracellular 
vesicles. Two types of membrane vesicles were released from activated 
platelets and discriminated by their size: microvesicles (100 nm to 1 urn in 

10 diameter) were externalised by surface shedding and exosomes (40-100 nm in 
diameter) were secreted after fusion of MVBs with the plasma membranes 
(Heijnen et al., 1999). During apoptotic cell death, cells are also blebbing and 
expelling apoptotic bodies of different sizes, which are mixed with the other 
externalised vesicles (Thery et al., 2001 ). 

15 Therefore, new cells are always "bathed" with a lot of vesicles 

expelled from ancester cells, which represents a kind of cell « memory » with 
all the prints of the previous cell life. Potentially, it is a general source of 
intercellular communication, which is only beginning to be unravelled. Most 
works have been focused on the smallest vesicles, called exosomes (Thery et 

20 al., 2002 ; Stoorvogel et al., 2002), which can stimulate the immune system 
through signal transmission to cells of the hematopoietic lineage (Denzer et al., 
2000a ; Blanchard et al., 2002 ; Thery et al., 2002 ; Thery et al., 2001, 
Stoorvogel et al., 2002, Denzer et al., 2000b ; Skokos et al., 2001). Vesicles 
externalised by tumour cells can also be used for tumour detection 

25 (Bergsmedh et al., 2001 ; Anker et al., 2003), or for immunisation against 
tumours (Wolfers et al., 2001 ; Andre et al., 2002). 

The present report corroborate inventors' previous studies on Dd 
externalised vesicles (Tatischeff et al., 1998 ; Tatischeff et al., 2001), and 
whatever their origin from the cell organelles, probably differing in relation with 

30 their size heterogeneity (57-500 nm), they are the end-point of a very efficient 
membrane traffic inside Dd cells (Rodriguez-Paris et al., 1993 ; Nolta et al., 
1994 ; Adessi et al., 1995 ; Aguado-Velasco et al., 1999 ; Neuhaus et al., 2002 
; Seastone et al., 2001). Their externalisation and their ability to communicate 
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information to the other cells indicate that this early diverged protist could be 
used as a valuable model for helping to clarify the complexity of the yet largely 
unknown vesicle-mediated intercellular communications. 

5 Dd cells were known to be as motile as leukocytes and as efficient 

for phagocytosis as macrophages. The intensive membrane traffic displayed 
by these non pathogenic amoebae shows also amazing similarities with 
membrane traffic of mammalian cells. 

The process of vesicle externalisation shared by Dd cells with many 

10 human cells thus appears to provide an important mean of intercellular 
communication. It is interesting to remark that such a role was efficient enough 
to survive through evolution since about 1 billion years. Due to this outstanding 
conservation of many essential functions from Dd to human, Dd vesicles thus 
provide useful drug vectors for targeting human cells, optionally associated 

15 with a very specific targeting of the intracellular goal. Efficient drug targeted 
delivery inside pathological cells is indeed a general problem, encountered 
both in the treatment of resistant tumours and for efficiently applying antigene 
or antisense therapy. 
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CLAIMS 

1. A method for preparing a non-pathogenic amoeba vesicle 
containing a molecule of interest, which method comprises the steps consisting 
of: 

a) culturing a non-pathogenic amoeba cell in a culture medium 
comprising said molecule of interest, under conditions sufficient to allow the 
non-pathogenic amoeba cell to release vesicles; 

b) recovering a vesicle released by said cell, which vesicle 
contains said molecule of interest; 

with the proviso that said vesicle is not a Dictyostelium 
discoideum vesicle containing Hoechst 33342. 

2. The method according to claim 1 , wherein said non-pathogenic 
amoeba is Dictyostelium discoideum. 

3. An isolated non-pathogenic amoeba vesicle that contains a 
molecule of interest, with the proviso that said vesicle is not a Dictyostelium 
discoideum vesicle containing Hoechst 33342. 

4. The vesicle according to claim 3, wherein said non-pathogenic 
amoeba is Dictyostelium discoideum. 

5. Use of a non-pathogenic amoeba vesicle that contains a 
molecule of interest as a vehicle useful for in vitro and/or ex vivo transferring a 
molecule of interest to an eukaryotic ceil. 

6. Use of a non-pathogenic amoeba vesicle that contains a 
molecule of interest as a vehicle useful for in vivo transferring a molecule of 
interest to an eukaryotic cell. 

7. A method for in vitro and/or ex vivo transferring a molecule of 
interest to an eukaryotic cell, which method comprises the step consisting of 
contacting an eukaryotic cell with a non-pathogenic amoeba vesicle that 
contains a molecule of interest, under conditions sufficient to allow the vesicle 
to fuse with the eukaryotic cell, whereby the molecule of interest is transferred 
to the eukaryotic cell. 

8. A method for in vivo transferring a molecule of interest to an 
eukaryotic cell, which method comprises the step consisting of contacting an 
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eukaryotlc cell with non-pathogenic amoeba vesicle that contains a molecule of 
interest, under conditions sufficient to allow the vesicle to fuse with the 
eukaryotic cell, whereby the molecule of interest is transferred to the eukaryotic 
cell. 

9. The method according to claim 7 or 8, wherein the non- 
pathogenic amoeba is Dictyostelium discoideum. 

10. A pharmaceutical composition comprising a non-pathogenic 
amoeba vesicle containing a therapeutic molecule together with a 
pharmaceutically acceptable carrier. 
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Abstract of the invention 

10 The invention relates to membrane vesicles from non-pathogenic 

amoeba, in particular from the amoeba Dictyostelium discoideum, containing a 
molecule of interest, to a method of preparing such vesicles and to the uses of 
said vesicles as a vehicle for transferring the molecule of interest to an 
eukaryotic cell. 

15 Fig. : none 
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